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@ Recording and reproducing 



for optical disk. 



) To determine the optimum recording light 
amounts for all recordable region of each opti- 
cal disk in a relatively short time informatton is 
recorded on the try-to-write regton 4 on the 
inside of the innermost periphery of the rewrit- 
able region 2 of the optical disk 1 while rotating 
it at linear velocities equal to those at least at 
two positions (radii R1, R2) in the radius direc- 
tion A within the rewritable regk>n 2, and the 
optimum recording light amounts are 
measured. Then, the optimum recording light 
amounts for all velocities in the rewritable reg- 
ion 2 are detenmined by an interpolation or 
extrapolation processing 26 of the measured 
optimum recording light amounts at the two 
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This invention relates to an apparatus and meth- 
od for recording optical disks, both those suitable for 
recording and reproduction, for example, reversible- 
type optical disks capable of being repetitively record- 
ed and reproduced, or write-once type disks. 5 

When recording such disks, pits (or marks) are 
formed on a repetitively recordable and reproducible 
optical disk, or a write-once read-many type optical 
disk, and the amount of laser light to be irradiated on 
the optical disk, the amount of recording light, has to io 
be maintained to be a proper value. This is because 
the recorded pits are required to have a uniform 
shape and a high density in order to reduce error 
upon reproduction and improve the recording density. 

According to the prior art, in order to set the 15 
amount of recording light at a proper value, a "try-to- 
write" region is prepared on a track within a predeter- 
mined user's recordable region of the optical disk, 
and the user confirms the properamount of recording 
light within this try-to-write region. 20 

When Information is recorded at the (xinfirmed 
proper amount of recording light, the recording den- 
sity of a recorded region near the try-to-write region 
can be improved since a relatively small error occurs 
upon reproduction. 25 

However, when a video signal is recorded over 
the whole disk, i.e. the innermost to outermost per- 
iphery of the user's recordable region of the optical 
disk, the amount of recording light, even if it is set to 
be a proper value within the try-to-write region as 30 
mentioned above, diverges from the proper amount at 
other tracks away from that region because the linear 
velocity of the recording medium (which depends on 
the radius of the track) is considerably different from 
that within the try-to-write region. This limits the high- 35 
density recordability. 

Increasing the amount of testing, however tends 
to occupy more time and thus be inefficient Also, al- 
though it has been proposed to provide a test area in 
every sector and test at every radius (e.g. in comput- 40 
ers WD2000 and WD3000) this reduces the amount 
of available storage area and so is unsuitable for vid- 
eo disks where more data is generally stored than on 
a computer disk. 

This invention, in view of this problem,-is to pro- 45 
vide an apparatus and method for recording optical 
disks which are capable of determining the optimum 
recording conditions of the user's recordable region 
of indivkJual optical disks in a relatively short time. 

According to this Invention, there Is provided opt- so 
leal disk recording apparatus comprising: 

a disk drive for rotating an optical disk; 

a light source for recording data on the optical 

disk; 

recording light amount control means for con- 55 
trolling the amount of light emitted by the light source 
to record the data; 

reproduction means for reproducing the data 



to produce a reproduced signal; 

system control means for controlling said light 
source and light amount control means to record test 
data in a predetermined test region of the disk and the 
reproduction means to reproduce it and for setting the 
recording light amount to be used in accordance with 
the reproduced test data; 

characterized in that the system control means is 
adapted to control the disk drive to rotate the disk dur- 
ing recording of first and second test data at respec- 
tive first and second different angular velocities such 
that the linear velocities of the test region at said first 
and second angular velocities are equal to the linear 
velocities of two different radial positions of the disk 
during information recording, and to determine re- 
spective first and second optimized recording light 
amounts in accordance with the reproduced first and 
second test data; and in that the system control 
means comprises computing means for computing • 
light recording amounts for all other desired radial 
positions on the disk from the f iret and second opti- 
mized recording light amounts. 

There is also provided an optical disk recording 
method comprising the steps of:- 

recording test data on a test region of an optical 
disk using a light source; 

reproducing the test data; and 

setting the recording light amount of the light 
source according to the test data; characterized by: 

rotating the disk during recording of first and 
second test data at respective first and second differ- 
ent angular velocities such that the linear velocities of 
the test region undergoing recording are equal to the 
linear velocities of two different radial positions of the 
disk during information recording: 

determining respective first and second opti- 
mized recording light amounts in accordance with the 
reproduced first and second test data; and 

computing light recording amounts for all other 
desired radial positions on the disk from the firet and 
second optimized recording light amounts. 

Thus with the invention, information may be re- 
corded on the try-to-write region on the Inside of the 
innermost periphery of the user's recordable region 
of the optical disk while rotating it at the first and sec- 
ond linearvelocities equal to those at two points in the 
radius direction of the user's recordable region and 
with first and second amounts of recording laser 
beam under the control of the recording light amount 
control means. Then, the first and second recording 
light amounts optimized at the first and second linear 
velocities In the tary-to-wrlte region of the optical disk 
can be obtained by the reproduction means 22, com- 
paring means 23 and optimizing means 25. Also, the 
values of the optimum recording light amounts at all 
points in the radius direction in the recordable region 
are determined by computing means on the basis of 
the optimized first and second recording light 
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amounts. Therefore, the optimum recording light 
amount for all points in the user's recordable region 
of each optical disk can be determined in a relatively 
short time. 

The computing means may determine the other 
recording light amounts by interpolation and/or ex- 
trapolation based on a function selected according to 
the properties of the disk, e.g. selected to model the 
properties of tested disks. 

The invention is applicable to write-once disks as 
well as rewritable disks. 

The inventton will be further described by way of 
example only with reference to the accompanying 
drawings, in which:- 

Figure 1 is a diagram of the construction of the 
optical disk recording and reproducing apparatus 
of one embodiment of the optical recording appa- 
ratus of the invention; 

Figure 2 Is a plan view of the optical disk of the 
optical disk recording and reproducing apparatus 
shown in Fig 1; 

Figure 3 is a diagram showing the contents of the 
velocity command table stored in the system con- 
troller of the optical disk recording and reproduce 
ing apparatus shown in Fig. 1; 
FigufB 4 is a waveform diagram to which refer- 
ence is made in explaining the operation of the 
optical disk recording and reproducing apparatus 
shown in Fig 1; 

Figure 5 is a flowchart to which reference is made 
in explaining the operation of the optical disk re- 
cording and reproducing apparatus shown in Fig 

1; and 

Figure 6 is a graph showing the optimum record- 
ing light amount characteristic obtained by the 
optical recording and reproducing apparatus 
shown In Figure 1 . 

An illustrative embodiment of the optical disk re- 
cording apparatus to which the optical disk recording 
method of the invention is applied will now be descri- 
bed with reference to the drawings. 

Figure 1 is a schematic diagram of an embodi- 
ment of the optical disk recording apparatus of the in- 
vention. Figure 2 is a plan view of an optical disk to 
be recorded by this apparatus. 

Referring to Figs 1 and 2, there is shown an opt- 
ical disk 1. This optical disk 1 has a rewritable region 
2 as the user's recordable region. This rewritable re- 
gk>n 2 is an annular region extending from radius 
to R2. A try-to-write region 4 is formed on the inside 
of the innermost periphery of the rewritable region 2. 
This try-to-write region 4 is an annular region extend- 
ing from radius Ro to Ri. The type of optical disk 1 is 
not limited to the rewritable optical disk, but may be a 
write-once type optical disk. 

An optical pickup 5 is located to face the disk sur- 
face of this optical disk 1 in order to write pits or read 
the recorded pits. The optical pickup 5 has an object 



lens 6 and a mirror 7. and it is moved along a guide 
rail 8 in the radius direction A of the optical disk 1 by 
a feeding mechanism that is formed of a feeding mo- 
tor 9 and so on. 

5 The position of the optical pickup 5 in the radius 

direction A, or the radius R is read as radius data Dr 
by an encoder connected to the rotating shaft of a 
spindle motor 3. The radius data is supplied to a sys- 
tem controller 10. The system controller 10 responds 

10 to the radius Dr from the encoder to control the feed- 
ing mechanism so that the optical pickup 1 can be 
moved to a predetermined radius R specified by the 
radius-position specifying data which the system con- 
troller 1 0 itself generates. 

15 This optical disk 1 is rotated at a constant angular 

velocity (CAV) by the spindle motor 3 under the con- 
trol of a speed command signal Sy from the system 
controller 10. Therefore, since the linear velocity LV 
at a predetermined radius R is determined by the 

20 product of the radius R and the angular velocity, it Is 
proportional to the radius R. Fig. 3 shows the con- 
tents of a velocity command table 11 stored in the sys- 
tem controller 10 in association with this velocity 
command signal Sy. 

25 As shown in Fig. 1. a fixed optical system 12 is 

optically connected to the pickup 5 that is moved in 
the radius direction A. The f bced optical system 12 has 
a laser diode 13 which is controlled to emit a laser 
beam according to the optical modulation system. 

30 The laser diode 13 is connected to a recording light 
amount control circuit 1 5 as the means for controlling 
the amount of recording light. This recording light 
amount control circuit 15 supplies a recording signal 
S2 (see Fig. 4B) of a modulating current signal to the 

35 laser diode 13. The amplitude of the recording signal 
S2 is determined by a control signal S3 that is fed from 
the system controller 10. The on-period and off-peri- 
od of the recording signal S2 are determined by a bi- 
nary reference recording signal Si (see Fig 4A) that 

40 is fed from a reference recording signal generating cir- 
cuit 16. 

The laser diode 1 3 emits a laser beam of intensity 
proportional to the recording signal S2 that is fed from 
the recording light amountcontrol circuit 1 5. The laser 

45 beam emitted from the laser diode 1 3 is coilimated by 
a collimator lens 14, and then passed through a beam 
splitter 16 to a mirror 7, firom which the laser beam is 
reflected at right angles. The coilimated laser beam 
reflected firom the mirror 7 is again converged by an 

50 object lens 6 and irradiated on the optical disk 1. 
Thus, the optical disk 1 is recorded in cooperation 
with a magnetic circuit not shown to form recorded 
pits (magnetized pits) thereon. 

On the other hand, the laser beam for reading is 

55 irradiated on the optical disk 1 and reflected from the 
optical disk 1 with the recorded pits. The reflected las- 
er beam is passed through the object lens 6. the mir- 
ror 7. the beam splitter 1 6 and a condenser 1 7 and in- 
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cident on a photodiode 21 . 

The output signal from the photodiode 21 is sup- 
plied to a reproduction circuit 22. When the output sig- 
nal from the photodiode 21 is supplied to the repro- 
duction circuit 22, the information recorded on the 
optical disk 1 is supplied therefrom as a reproduced 
signal S4 (S4, through S43) (see Figs 4C through 4E) 
to a symmetry detecting circuit 23 as comparing 
means. 

The symmetry detecting circuit 23 supplies a 
duty-ratio data Ss according to the reproduced signal 
S4 to the system controller 10. 

The system controller 10 analyzes the duty-ratio 
data S5 by an optimizing routine 25 as optimizing 
means which will be described in detail later. The ana- 
lyzed data as the control signal S3 is supplied to the 
recording light amount control circuit 15. The control 
signal S3 can be optimized by repetitive execution of 
this optimizing routine 25. 

The optimization of the control signal S3, or the 
optimization of the amount P of emitted light from the 
laser diode 13 is performed within the try-to-write re- 
gion 4 of the optical disk 1 . That is, in the try-to-write 
region 4, the control signal S3 is optimized for. for ex- 
ample, the linear velocity LVi at the innermost periph- 
ery, or radius Ri of the rewritable region 2 and for the 
linear velocity LV2 at the outermost periphery, or ra- 
dius R2. The optimization for all positions In the radius 
direction within the rewritable region 2 is performed 
by the interpolation processing such as the linear in- 
terpolation according to an interpolation routine 26 or 
a predetermined functional interpolation. 

The predetermined function should be selected 
to be, for example, a function exhibiting the average 
characteristic of the characteristics (hereinafter refer- 
red to as the optimum recording light amount charac- 
teristics, if necessary) of the radius vs. optimum con- 
trol signal S3 (corresponding to the optimum record- 
ing light amount) which are measured for CAV at all 
points in the radius direction A in reference tests, e.g. 
In which a plurality of optical disks 1 are rotated at a 
constant angular velocity (CAV). The function for in- 
terpolation may be function proportional to a half pow- 
er of the linear velocity LV. 

Thus when the optimum recording light amount is 
determined by two linear velocities at two positions in 
the radius direction within the rewritable region 2. the 
rewritable region between the radii corresponding to 
the two linear velocities can be determined by inter- 
polation processing, and the rewritable region other 
than that between the radii corresponding to the two 
linear velocities can be determined by extrapolation. 

The linear interpolation determines the optimum 
recording light amount from, for example, the linear 
velocity LVi at the innermost radius R, of the rewrit- 
able region 2 and the linear velocity LV2 at the outer- 
most radius R2. The linear interpolation may deter- 
mine the optimum recording light amount from the lin- 



ear velocity LV3 at a radius R3 {R3 = Ri (R2 - Ri)/2) be- 
tween the radii, Ri and R2 and the other two linear ve- 
locities, orthe three linear velocities LV^, LV2 and LV3. 
This linear interpolation using three linear velocities 

5 can provide a much higher precision than that using 
two linear velocities. 

The characteristics of the linear velocity LV vs. 
optimum control signal S3, or the optimum recording 
light amount characteristics determined by the inter- 

10 pdation routine 26 are stored in an optimum recording 
light amount table 27. 

Therefore, the optical disk 1 can be recorded over 
all the rewritable region 2 by the optimum amount of 
recording light according to this optimum recording 

15 light amount table 27. 

The operation of this embodiment, particularly 
the optimizing routine 25 will be described in detail 
with reference to the flowchart of Fig. 5. 

After detecting that the optical disk 1 has been 

20 loaded on the shaft of the spindle motorS, the system 
controller 1 0 controls the feeding motor 9 to move the 
optical pickup 5 in the radius direction A toward the 
cenb-e and to position it at a point within the ti-y-to-wri- 
te region 4, for example, at the radius Ro (step SI 01). . 

25 The radius data Dr = Ro can be confirmed by the out- 
put data from the encoder of the feeding motor 9. 

Then, the system controller 1 0 refers to the veloc- 
ity command table 11 (see fig. 3) and supplies the ve- 
locity control signal Svtothe spindle motor 3, thereby 

30 controlling the motor to rotate the disk so that the lin- 
ear velocity at the radius Ro equals the recording lin- 
ear velocity LV, for the radius R, (step S102). The lin- 
ear velocity, LV01 at radius Rq can be made coincident 
with the linear velocity LV^ at radius R^ by supplying 

35 the velocity signal Sv which satisfies the relation of 
LVo,=(Ri/F{o) LVo=LV,. 

The system controller 10 then sets the control 
signal S3 to a certain value and supplies it to the re- 
cording light amount control circuit 15. in this case, 

40 the reference recording signal Si shown in Fig 4A is 
supplied from the reference recording signal generat- 
ing circuit 16 to the recording light amount control cir- 
cuit 15. Thus, the recording signal S2 of which the am- 
plitude is determined by the control signal S3 as 

45 shown in Fig 4B is supplied to the laser diode 13. The 
laser beam modulated by the recording signal S2 is ir- 
radiated from the laser diode 13 on the optical disk 1. 
recording pits thereon. Then, the reading laser beam 
is irradiated on the optical disk 1, and the reflected 

50 laser beam from the recorded pits are read by the 
photodiode 21. The reproduction circuit 22 produces 
the reproduced signal S4 (step S103). Examples of re- 
produced signals S4 for different recording light 
amounts are shown in Fig 4C, D and E. (Although for 

55 simplicity the recording signals and optimum repro- 
duced signal are shown as symmetrical, in practice 
they may not be symmetrical but this can be allowed 
for in the subsequent detection circuitry). 
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The reproduced signal S4 is supplied to the sym- 
metry detecting circuit 23. The symmetry detecting 
circuit 23 produces, for example, the duty ratio data 
S5 (S5 = B/A) of the period of the reference level Vr 
to that of the maximum level Vmax of t^ie reproduced s 
signal S4, in which case the reference level is 1/2 the 
maximum level. The system controller 10 reads in this 
duty ratio S5 (S5 = B/A) (step SI 04). and decides 
whether the read-in duty radio data Sg (Sg = B/A) is 
50% (or whatever is optimum) (step S105). 10 

If It is not 50% (or optimum) at step 105, decision 
is further made of whether it is above 50% (step 106). 

In the case of signal S41 where the recording light 
amount was too large, since the reproduced signal S4 
is the reproduced signal S41 shown in Fig. 4C, the ra- is 
tio is 50% or below. In other words, the recording las- 
er beam based on the recording signal S2 and which 
is generated from the laser diode 1 3 is found to be too 
intensive. Thus, the control signal S3 is reduced in its 
intensity by a predetermined amount and that inten- 20 
sity-reduced control signal S3 is fed to the recording 
light amount control circuit 1 5 so that the control sig- 
nal S2 is reduced by a predetermined amount (step 
S107). 

If the reproduced signal 84 produced firom the re- 25 
praduction circuit 22 is a reproduced signal S42 as 
shown in Fig. 4E, the duty ratio data Sg (Sg = B/A) fed 
to the system controller from the symmetry detecting 
circuit 23 is 50% or above. In this case, the control 
signal S3 is increased by a predetermined amount, 30 
and the intensity-increased control signal S3 is sup- 
plied to the recording light amount control circuit 15, 
thus increasing the recording signal S2 by a predeter- 
mined amount (step SI 08). 

When the duty ratio data Sg (Sg = B/A) reaches 35 
50% after repetition of steps 81 03 through step SI 08, 
the reproduction circuit 22 produces the reproduced 
signal 84 as a reproduced signal 842 which is, as 
shown in Fig. 4D, substantially symmetric with re- 
spect to the intersection, F between the reference 40 
level Vr and the reproduced signal 84. When the re- 
corded information is reproduced on the basis of the 
reproduced signal S4 of which the duty ratio data Sg 
(Sg = B/A) is 50%, it has the minimum loss of data. In 
this case, little error occurs, thus Improving the reli- 45 
ability. 

In this way, the decision at step S105 is "yes", 
and the value of the optimum control signal S3 is de- 
termined under the condition that the linear velocity 
at radius Ro within the try-to -write region 4 is equal so 
to the linear velocity LVi at radius Ri, or LVqi = (R1/R0) 
LVq = LV,. This value is also stored in memory means, 
though not shown, within the system controller 10 
(step SI 09). 

Similarly, the value of the optimum control signal 55 
S3 is determined under the condition that the linear 
velocity at radius Ro is equal to the recording linear 
velocity LV2 for radius R2, or LVgz = (R2/R0) LVg = LV2. 



This value is also stored in memory means, though 
not shown, within the system controller 10. 

Then, in use, the system controller 10 can deter- 
mine the values of the optimum control signal S3 for 
all linear velocities LV (i.e. all radii) In the rewritable 
region 2 by interpolation processing according to the 
interpolation routine 28. 

Fig 6 shows a curve of the optimum control signal 
S3 determined by this interpolation processing, or an 
optimum recording light amount characteristic 30. 
This shows a functional interpolation between the op- 
timum recording light amount PI associated with the 
optimum control signal S3 determined at the linear ve- 
locity LV01 corresponding to linear velocity LVt and 
the optimum recording light amount P2 associated 
with the optimum control signal 83 determined at the 
linear velocity LV02 corresponding to linear velocity 
LV2. Acurve may by more suitable than straight linear 
interpolation for certain types of disl<, e.g. MO disks 
with low melting and Curie temperature. 

Thus, according to this embodiment, when infor- 
mation is recorded on the try-to-write region 4 on the 
inside of the innermost periphery of the rewritable re- 
gion 2 of the optical disk 1 in order to determine the 
optimum recording light amount in the rewritable re- 
gion 2, the optical disk 1 is rotated at linear velocities 
LV01, LV02 corresponding to the linear velocities LV,, 
LV2 at least at two radii, for example, R,, R2 of the re- 
writable region 2 in the radius direction of the optical 
disk 1. Under this condition, the optimum recording 
light amounts P| and P2 are measured, and the values 
of the optimum recording light amount at all points 
within the rewritable region 2 of the optical disk 1 are 
determined by the interpolation or extrapolation proc- 
essing according to the interpolation routine 26. 
Therefore, the values of the optimum recording light 
amount for all linear velocities LV in the rewritable re- 
gion 2 of each optical disk 1 can be determined in a 
relatively short time. 

This invention is not limited to this embodiment, 
but of course may take other various constructions 
without departing from the scope of the invention as 
defined by the claims. 



Claims 

1. Optical disk recording apparatus comprising: 

a disk drive (3) for rotating an optical disk 

(2); 

a light source (13) for recording data on 
the optical disk(1): 

recording light amount control means (15) 
for controlling the amount of light emitted by the 
light source (13) to record the data; 

reproduction means (17 • 23) for reproduc- 
ing the data to produce a reproduced signal (54); 

system control means (10) fbr controlling 
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said light source (13) and light amount control 
means (1 5) to record test data in a predetermined 
test region (Ro) of the disk (1) and the reproduc- 
tion means (17 - 23) to reproduce it and for setting 
the recoreling light amount to be used in accor- s 
dance with the reproduced test data; character- 
ized In that the system control means (10) is 
adapted to control the disk drive (3) to rotate the 
disk during recording of first and second test data 
at respective first and second different angular io 
velocities such that the linear velocities of the 
test region (Ro) at said first and second angular 
velocities are equal to the linear velocities of two 
different radial positions (R1.R2) of the disk during 
information recording, and to determine respec- 15 
tive first and second optimized recording light 
amounts in accordance with the reproduced first 
and second test data; and in that the system con- 
trol means (10) comprises computing means for 
computing light recording amounts for all other 20 
desired radial positions on the disk (1) from the 
first and second optimized recording light 
amounts. 

2. An optical disk recording method comprising the 25 

steps of:- 

recording test data on a test region (Ro) of 
an optical disk using a light source; 

reproducing the test data; and 

setting the recording light amount of the 30 
light source according to the test data; character- 
ized by: 

rotating the disk during recording of first 
and second test data at respective first and sec- 
ond different angular velocities such that the lln- 35 
ear velocities of the test region (Ro) undergoing 
recording are equal to the linear velocities of two 
different radial positions (R1.R2) of thedisk during 
information recording; 

determining respective first and second 40 
optimized recording light amounts in accordance 
with the reproduced first and second test data; 
and 

computing light recording amounts for all 
other desired radial positionson the diskfrom the 4S 
first and second optimized recording light 
amounts. 

3. Apparatus according to dalm 1 or a method ac- 
cording to claim 2 wherein the said linear veloci- so 
ties of two different radial positions correspond to 

the linear velocities of the portions of the disk (1) 
substantially at the inner and outer peripheries 
(R1.R2) of the user's recordable region when the 
disk (1) is rotated at the angular velocity for infor- 55 
mation recording. 

4. Apparatus according to daim 1, or 3 when de- 



pendent therefrom, or a method according to 
claim 2, or 3 when dependent therefrom, wherein 
the optimized recording light amounts are deter- 
mined by a recursive process of recording the test 
data, raproducing It and adjusting the recording 
light amount and repeating as necessary. 

5. Apparatus according to claim 1 , or 3 or 4 when de- 
pendent therefrom, or a method according to 
claim 2, or 3 or 4 when dependent therefrom, 
wherein the disk (1) is rotated at the first angular 
velocity to determine the optimal firat recording 
light amount and then rotated at the second an- 
gular velocity to determine the optimal second re- 
cording light amount. 

6. Apparatus according to daim 1 , or 3. 4 or 5 when 
dependent therefrom, or a method according to 
claim 2, or 3, 4 or 5 when dependent therefrom, 
wherein test data is also recorded while rotating 
the disk (1) at a third angular velocity to deter- 
mine a third recording light amount correspond- 
ing to a third radial position of the disk. 

7. Apparatus according to daim 1 , or 3 - 6 when de- 
pendent therefrom, or a method according to 
claim 2. or 3 - 6 when dependent therefrom, 
wherein the light recording amounts for all other 
desired radial positions are computed by interpo- 
lation or extrapolation from the determined re- 
cording light amounts. 

8. An apparatus or method according to daim 7 
wherein the interpolation or extrapolation is line- 
ar. 

9. An apparatus or method according to claim 7 
wherein the interpolation or extrapolatton is 
based on a function of the half power of the linear 
velodty of the recording region of the disk. 

10. An apparatus or method according to any one of 
the preceding claims wherein the test data com- 
prises a square wave (Si) and the optimization of 
the recording light amount comprises monitoring 
the duty ratio of time periods (A,B) above and be- 
low a reference level in the reproduced signal 
(S4). 
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Wbrefornns of Recording Signal 
and Repixxiuced Signal 



FIG. 

Reference Recording 
Signal 

FIG. 

Recording Signal 



FIG. 



Reproduced Signal 
(Large Light Amount) 



FIG. UD 



Reproduced Signal 
(Optimum Light Amount) 



FIG. 



Reproduced Signal 
(Small Light Amount) 




Vmax 
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